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[571 ABSTRACT

A circuit for signaling an operator when a linear actua-
tor, driven by a reversible direct current motor, has
reached opposite end positions. Two normally closed
series-connected switches which open at the respective
positions and diodes, connected across each switch and
to each other in opposition, stop the motor when the
actuator reaches either position. A third switch and
third diode cause a lamp to energize at one of the posi-
tions and remain energized until the actuator moves to
the other position.

6 Claims, 5 Drawing Sheets
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OPERATION CONFIRMATORY CIRCUIT FOR
LINEAR ACTUATOR

FIELD OF INVENTION

This invention relates to an operation confirmatory
circuit for a linear actuator, and more particularly to a
circuit for verifying that an intended operation has been
executed by a linear actuator capable of positioning an
object by means of an electric motor.

BACKGROUND OF INVENTION

Linear actuators are used to transform rotation of a
motor into linear motion of rod operating mechanisms
such as gears, screw shafts, nuts, etc. For that purpose,
a ball screw mechanism is commonly used.

Linear actuators usually require electrical switching
in order to be operative. Unlike conventional mecha-
nisms utilizing cables, links and the like, which encoun-
ter problems such as troublesome mounting and inoper-
ativeness due to freezing or rust, linear actuators are
especially preferred for manipulating devices such as
valves, clutches, and engine throttles. However, since
actuator positioning is performed by mechanical force,
an operator is unable to *“feel” whether or not the actual
positioning took place. Therefore, it is necessary to
provide some means for confirming that the operation
has occurred. Many of the devices in the prior art are
unreliable and provide false verifications.

SUMMARY OF INVENTION

The present invention solves the above-mentioned
problem with an operation confirmatory circuit which
signals an operator when an operating rod, linearly
driven by an electric motor, has reached either of its
end positions. The circuit includes first and second
switches connected in series with first and second di-
odes connected across each switch and connected to
each other in opposition. The first switch opens when
the rod is near one end position, and the second switch
opens when the rod is near the other end position. A
lamp, in series with a third switch which is connected in
parallel with a third diode, permits electric current to
energize the lamp when the rod moves to the one end
position.

To restore the operating rod to the other position, the
polarity of the electric current is reversed and rotation
of the motor changed. The electric current now flows
through the first diode around the first switch. Conse-
quently, the lamp will continue to be lit.

The rod continues to advance in the opposite direc-
tion, and when it has moved a predetermined distance,
the second switch opens, causing the lamp to be extin-
guished. As a result, the operator is notified that the rod
has been restored to the original condition.

As described above, the lamp is lit as the rod ap-
proaches the one end position but it will remain lit after
the rod begins to leave the one end position. It is extin-
guished only after the rod has moved the predetermined
distance.

Other novel features and advantages of the invention
will become more apparent from the following detailed
description when considered in conjunction with the
accompanying drawings wherein:
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 diagrammatically shows how a linear actuator
of the prior art is applied in an automotive body;

FIG. 2 is an elevation of the linear actuator of FIG. 1;

FIG. 3 is a prior art circuit as applied to the linear
actuator in FIG. 2;

FIG. 4 is a circuit of one embodiment of a linear
actuator according to the present invention;

FIG. 5is an elevation of the linear actuator of FIG. 4;

FIG. 6 is a partial section of the linear actuator of
FIG. §; and

FIG. 7 is a circuit of another embodiment according
to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings wherein like charac-
ters designate like or corresponding parts throughout
the several views, there is shown in FIG. 1 a conven-
tional linear actuator 60, in solid outline, mounted on an
automotive body 64 for operating a change-over or
transfer mechanism 65 such as a clutch or gear train.

Referring to FIGS. 2 and 3, actuator 60 is controlled
by an electrical circuit 66 which includes a pair of reed
switches 68a, 68b at the both ends of a cylinder 62 oper-
ated by a magnet 67 mounted on the rod 63, and confir-
mation lamps 692, 695 near the operator (driver) in
body 64. With switch 70 in the position shown in FIG.
3, power is supplied of one polarity to motor 61 to drive
rod 63 to the right in FIG. 2. When the rod 63 reaches
the right end, thus achieving the change-over of the
mechanism 65, magnet 67 closes the reed switch 684 to
light the lamp 69a notifying the operator that the
change-over of mechanism 65 has occurred.

To restore the mechanism 65 to its original condition,
switch 70 is switched reversing the polarity of the cur-
rent to the motor 61 causing it to rotate in the reverse
direction so that the rod 63 retracts. Lamp 69a will be
extinguished as result of a minimal backward movement
of the rod 63 even though mechanism 65 has not been
fully restored to its original condition. No indication is
given to the operator that mechanism 65 has reached its
original condition. Consequently, the operator prema-
turely stop the linear actuator 6J.

If it is desired that switching-over be performed at the
position where the rod 63 is fully retracted within the
cylinder 62 instead of extended, the linear actuator 60 is
modified as shown by the dotted line in FIGS. 1, 2 and
3 with a reed switch 685 and a lamp 695 utilized instead
of switch 684 and lamp 69a. In this case as well, there is
a likelihood of misleading indication of the lamp as
explained above.

Therefore, the conventional confirmatory circuit 66
has a drawback that it may give a misleading indication
about the state of the mechanism to be operated by
means of a linear actuator.

The above-mentioned problem may be solved if all of
the reed switches 68a, 685 and the lamps 69a, 696 are
used simultaneously; namely, one pair for detecting the
previous position and the other pair for detecting the
switch-over action. However, such a structure renders
the whole circuit complicated, requiring a greater num-
ber of component parts.

Incidentally, automatic-return switches 72a, 726 and
two diodes 734, 735 in FIG. 3 constitute an automatic
stop circuit 74 for automatically stopping the motor 61
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by detecting over-load working on the rod 63 at the
both end positions.

Referring now to FIG. 5, a linear actuator A accord-
ing to the invention includes an operating rod 15 which
is linearly moved by means of an electric motor 16. The
rod 15 is adapted to automatically stop when it reaches
the forward and rear end positions as well as when an
over-load is detected.

The driving mechanism as shown in FIG. 6 will be
first described. Within a cylindrical body 1, a cylindri-
cal larger bore 2 and a smaller bore 3 are coaxially
provided; and in the forward position an outer cylinder
4 is mounted; and in the rear position, a cover 6 is se-
cured to a flange 5. Within the larger bore 2, two cup-
shaped spring receivers 7, 8 are slidably inserted in a
face-to-face relationship; and at the bottom portions of
each of said cup shapes, bearings 9, 9 are provided to
support the distal end 11 of a screw shaft 10. Between
the spring receivers 7, 8, a compression coil spring 13 is
held with a predetermined pre-loading such that the
front receiver 7 abuts against a stepped portion of the
bore 3, and the rear receiver 8 abuts against a stop ring
12

A nut 14 is threadedly engaged with the screw shaft
10, to which the operating rod 15 is secured. The rod 15
is connected to a mechanism such as mechanism 65 in
FIG. 1 and is prevented from rotating with screw shaft
15. The distal end 11 and the output shaft 17 of the
motor 16 are connected by a gear train 18, 19 and 20. A
switch box 23 within a case 21 is fixed at an aperture 22
in the body 1 and contains automatic-return type
switches 24, 25. Respective operating members 26, 26’
of said switches normally project upward to operate the
respective switches when pushed downward by the
tapered surfaces 27, 27° at the opposing ends of the
spring receivers 7, 8. Lead wires 29 and 30 connect to
motor 16, and wires 31, 32 to power supply lines.

Referring to FIG. 4, an automatic stop circuit B of
the operating rod is provided which includes switches
24, 25 connected in series with an armature 33 of the
motor 16. Diodes 34, 35 are each connected across the
respective switches 24, 25 in anode-to-anode opposi-
tion. A change-over switch 37 is connected to a direct
current power source 36 to change the polarity thereof.

An operation confirmatory circuit C is also provided
which includes a lamp 39 and a reed switch 38 con-
nected in series with one of the switches 37 and a point
between the two switches 24, 25. The reed switch 38 is
proximate to the forward end of the cylinder 4 and is
closed or opened by means of a magnet 40 provided on
the nut 14. The switch 38 is adapted to latch closed after
the rod 15 has fuily reached the end position. A diode 41
is connected across the switch 38 with its anode con-
nected in opposition to the anodes of the switches 24,
25.

The circuits B and C function as follows. When
power is supplied to the armature 33 with the line 31 on
the positive side, the rod 15 moves to the right in FIG.
6. As the rod 15 reaches the righthand end position, a
thrust load received by the rod 15 is transmitted to the
spring 13 through the spring receiver 7. When the load
exceeds a predetermined pre-load of the spring 13, the
spring receiver 7 is urged to the left in FIG. 6 and ta-
pered surface 27 of the spring receiver 7 pushes the
operating member 26 downward to open the switch 24.
Consequently, the motor 16 and rod 15 stop as the
power is disconnected. At that state, since the nut 14
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cannot retract with the pressure of the spring 13, the
switch 24 remains open.

As described above, when the rod 15 advances until
it reaches the forward end position, the magnet 40 also
advances along with the rod 15 and closes the reed
switch 38 to light the lamp 39. Thus, the operator is
informed when the change-over of the mechanism 65
has been achieved.

To restore mechanism 65 to its original position, it is
necessary to change the switch 37 so that the wire 31 is
of negative polarity. Then, an electric current can flow
through the diode 34 and the motor 16 can rotate in the
reverse direction. As the rod 15 retracts, the spring
receiver 7 advances to the original position due to the
pressure of the spring 13, and the operating member 26
automatically returns to the original condition. As a
result, the switch 24 is closed. While the rod 15 retracts,
the magnet 40 recedes from the reed switch 38, so that
the switch 38 is opened. However, an electric current
may continue to flow through the diode 41 and maintain
the lamp 39 lit. While the rod 15 retracts, the mecha-
nism 65 is restored to its original position.

When the rod 15 reaches the backward end position,
over-load acts upon the screw shaft 10. The spring
receiver 8 advances such that the tapered surface 27’
pushes the operating member 26’ downward, causing
the switch 25 to open and stop the motor 16. Simulta-
neously, as an electric current is removed, the lamp 39
is extinguished. Thus, the operator is informed when the
mechanism 65 has been restored to the original position.

In the above-described embodiment, a first change-
over is effected when the rod 15 reaches the forward
end position; namely, in the pushing direction of the rod
15. However, the embodiment in FIG. 7 effects the first
change-over when the rod 15 reaches the backward end
position; namely, in the pulling direction of the rod 15.

Referring to FIG. 7, an automatic stop circuit D is
provided which includes automatic-return type
switches 50, 51 connected in series with the armature 33
of the motor 16. Diodes 52, 53 are each connected
across the respective switches 50, 51 in cathode-to-cath-
ode opposition. A switch S5 is connected to a power
source 54 so that the polarity of the power may be
changed.

The operation confirmatory circuit E is similar to the
embodiment of FIG. 4. A reed switch 56, a lamp 57 and
a diode 58 are connected in series with the switch 55
and at a point between the switches 50, 51. The switch
56, which is located proximate to the rearward end
position of the rod 15, as shown by the phantom line in
FIG. 5, is opened and closed by the magnet 40 on the
nut 14,

The embodiment of FIG. 7 functions as follows.
When power is supplied to the armature 33 with the line
31 on the negative side, the rod 15 moves to the left in
FIG. 6. As the rod 15 reaches the left end position, a
thrust load received by the rod 15 is transmitted to the
spring 13 through the spring receiver 7; and when the
load exceeds a pre-determined pre-load of the spring 13,
the spring receiver 8 moves to the right in FIG. 6 and
causes the tapered surface 27’ of the spring receiver 8 to
push the operating member 26° downward to open the
switch 50. Consequently, the motor 16, and the rod 15
stop as the power is disconnected. In that state, the nut
14 cannot retract with the pressure of the spring 13 and
the switch 50 remains open.

As described above, when the rod 18 retracts to the
rearward end position, the magnet 40 also moves along
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with the rod 15 and closes the reed switch 56 and the
lamp 57 is lit. Thus, the operator is informed when the
change-over of the mechanism 65 has been achieved.

To restore the mechanism to the original condition, it
is necessary to change the switch 55 so that the line 31
becomes positive. Then, an electric current can flow
through the diode 52 and rotate the motor 16 in the
reverse direction. As the rod 15 advances, the spring
receiver 8 moves to the original position due to the
pressure of the spring 13, and the operating member 26
automatically returns to the original condition. As a
result, the switch 50 is closed. While the rod 15 ad-
vances, the magnet 40 recedes from the switch 56, so
that the switch 56 is opened. However, an electric cur-
rent continues to flow to the lamp 57 by way of the
diode 58; and consequently, the lamp 57 remains lit.
While the rod 15 retracts, the mechanism 65 is restored
to the original condition.

When the rod 15 reaches the forward end position,
over-load will act upon the screw shaft 10 advancing
the spring receiver 7 such that the tapered surface 27
pushes the operating member 26 downward to open the
switch 51. As a result, the motor 16 stops. Simulta-
neously, as electric current is cut, the lamp 57 is extin-
guished. Thus, the operator is informed when the mech-
anism 65 has been restored to the original condition.

There is no likelihood of misinterpreting the state of
the mechanism to be operated. According to the afore-
mentioned embodiments, either of the lamps 39 and 57
may be lit when the rod has reached the forward or
rearward end position; however, it is not put out imme-
diately when the rod starts to move in the opposite
direction. The lamp is put out only when the rod has
reached the opposite end position. This means that
when a first switch-over of a mechanism is to be ef-
fected, the lamp is lit almost simultaneously with the
switch-over action. When the restoration to the original
condition is to be effected, the lamp is put out when the
rod has reached the opposite end position after restor-
ing the mechanism 65 to its original condition.

In addition, since the confirmatory circuit also func-
tions as an automatic stop circuit, the whole circuit may
be simple, requiring a smaller number of component
parts.

Obviously, many modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. An operation confirmatory circuit for a linear actu-
ator having an operating rod operable between opposite
first and second end positions by a reversible electric
motor comprising:

a first switch normally closed when said operating

rod is located near the first end position;

a second switch normally closed when said operating

rod is located at the second end position;

a confirmation lamp connected in a series with said

first and second switches; and

a diode connected in parallel with said first switch

and adapted to permit electric current to flow
therethrough when the rod moves in the opposite
direction from said first end position as a result of
reverse rotation of said motor.

2. The circuit according to claim 1 wherein: said first
end position is in an extending direction of the rod.
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3. The circuit according to claim 1 wherein: said first
end position is in a retracting direction of the rod.

4. A circuit for signaling an operator when a linear
actuator has reach either of opposite first and second
end positions, the linear actuator being driven by an
electric motor and direct current power supply each
having two terminals respectively connected through a
polarity switch for reversing the direction of rotation of
the motor, comprising, in combination:

first and second switches each normally closed and
formed to be connected in series between one ter-
minal of each of the motor and the polarity switch,
said first and’ second switches operatively con-
nected to the actuator for opening near the respec-
tive first and second end positions;

first and second diodes respectively connected in
parallel with said first and second switches and in
opposition to each other;

a third switch normally open and operatively con-
nected to said actuator for closing near the first end
position;

signal means connected in series with said third
switch between the other terminal of each of the
motor and the polarity switch and the junction of
said first and second switches; and

a third diode connected in parallel with said third
switch and in opposition to said first and second
diodes.

5. An operation confirmatory circuit for a linear actu-
ator driven by a reversible electric motor, comprising,
in combination:

first means including a switch connected to said
motor for selectively driving the actuator to either
a first or a second position;

second means responsive to actuator movement and
operatively connected to said switch for providing
a continuous signal after the first position is
reached, said second means includes a normally
open switch connected in series with a lamp and in
paralle] with a diode; and

third means responsive to actuator movement and
operatively connected to said switch for extin-
guishing the signal after the second position is
reached, said third means includes a pair of nor-
mally closed switches connected in series and a
pair of diodes connected in parallel with respective
ones of said pair of switches and in opposition to
each other.

6. An operation confirmatory circuit for an electric

motor-driven actuator comprising, in combination:
means providing electric current, said electric cur-
rent-providing means having first and second ter-
minals and switching means for reversing the po-
larity of the current at said terminals;

electric motor means for reversibly driving the actua-
tor in a first direction from a first position to a
second position, and in a second direction from said
second position to said first position; and

signalling means, responsive to actuator movement,
for providing a first continuous signal when the
second position is reached following movement of
the actuator in said first direction, maintaining said
continuous signal while the actuator is moving in
said second direction, and extinguishing said signal
when said first position is reached following move-
ment of the actuator in said second direction;

wherein the signalling means comprises first and sec-
ond limit switches connected in series with each
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other and with said electric motor means and said
current-providing means; said limit switches are
responsive to actuator movement so that one of
said limit switches is opened when the second posi-
tion is reached, the other of said limit switches is
opened when the first position is reached, and the
switches are otherwise closed; one of said limit
switches is connected directly to said first terminal
of the electric current-providing means, and said
limit switches are connected directly to each other
at a junction;

wherein the signalling means further comprises a
signal-producing means and a third limit switch
responsive to actuator movement; said signal-pro-
ducing means and said third limit switch being
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8
connected in series with each other between said
junction and said second terminal of said electric
current-providing means; said third limit switch
being closed when said first position is reached and
being otherwise open;

wherein the signalling means further comprises two

diodes connected respectively in parallel with said
first and second limit switches and in opposition to
each other; and

wherein the signalling means further comprises a

third diode connected in parallel with said third
limit switch, said third diode being connected in

opposition to each of said two diodes.
* * * L ] *



